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$p_{k}$ [Liu-Tanaka, Info$rm$. Process. Lett. 2007]
, .
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$X(0),X(1),$ $\cdots,$ $X(n-1)$ ,
. , $i$ $n$ .
$X(0),X(1),$ $\cdots,X(n-1)$ $i$ 1
$\overline{X(0),X(1),\cdots,X(n-1)\ovalbox{\tt\small REJECT}’\cdot k^{1}Fe\text{ }\mathbb{H}\text{ }}\overline{2^{i}}\doteqdot$







$k$ AND-OR 1 , $\frac{1}{2}$ 1 $0$ ,
, 1 . $p_{k}$
, [4] .
$p_{0}= \frac{1}{2}$ , $p_{k+1}=-p_{k}^{4}+2p_{k}^{2}$ .
4 , 5 (1.1)
.




. , $\omega$ $\{0,1\}$ , $\{0,1\}^{\omega}$
.
111001111 , 111 00 1111 .
.







2 [2, Def.3.1] $\mathcal{A}\subseteq\{0,1\}^{\omega}$ (null) (
$\Sigma_{1}^{0}$ ) , $\Sigma_{1}^{0}$ (recursively enumerable,
computably enumerable) $\{U_{i}\}_{i\in\omega}$ $\forall i\in\omega(\mu(U_{i})\leq 2^{-i})$
( ) , $A \subseteq\bigcap_{i}U_{i}$
. $A$ , $\{A\}$ $\Sigma_{1}^{0}$ , $A$
(Martin-L\"of mndom) , $1$ .
$\Sigma_{1}^{0}$ $\{U_{i}\}_{i\in\omega}$
. $M^{\sim}$ (
) , $X$ $i$ .




$\bullet$ $G\subset\{0,1\}^{\omega}$ (constructively open set) ,
$X\subset\{0,1\}^{*}$ $G=X\{0,1\}^{\omega}$ .
$\bullet$ $G_{m}=X_{m}\{0,1\}^{\omega}$ $\{G_{m}\}_{m\geq 1}$
, $\{G_{m}\}_{m\geq 1}$ (constructive sequence of construc-
tively open sets, c.s.c.o. sets) . $X\subset\{0,1\}^{*}\cross\omega$
, $m\geq 1$ ,
$X_{m}=\{x\in\{0,1\}^{*}:(x, m)\in X\}$
25
.$\bullet$ $S\subset\{0,1\}^{\omega}$ (constructively null set) , c.s. $c.0$ . sets





$H$ : $\omegaarrow\omega$ , $m,$ $k$ $r_{m\geq H(k)}$
$\mu(G_{m})<2^{-k}J$ .





2 [1, p. 173, Theorem 6. $27J$ $Y$ .
$Y= \{X\in\{0,1\}^{\omega}: \lim_{narrow\infty}\frac{X(0)+X(1)+\cdots+X(n-1)}{n}\neq\frac{1}{2}\}$
2 , (Chernoff bound) .
3 [7, p. 258, Lemma 11. $9JX_{0},$ $X_{1},$ $\cdots,$ $X_{n-1}$ , $p$







$\bullet$ , 1 AND-OR .
26




(depth) (round) [4] .
1
. 2 2 .
2: 2
3, 4 , (5 )
. 3 , (
) 1 ( ) , 2 , .
$X(0),$ $X(1),$ $\cdots,$ $X(n-l)$
, . , $n$ $2^{17}(=4^{5}\cross 128)$
, $i$ $n$ .







4 $X$ $i$ ,
.
$\lim_{narrow\infty}\underline{X(0)X(1)\cdots X(n-1)_{\vee}^{\wedge}\text{ }i\text{ }}$ 1
$X(0)X(1)\cdots X(n-1)$ $=_{\overline{2^{i}}}$
. .
5 $i$ , $\mathcal{Y}$ .
$\mathcal{Y}:=\{X\in\{0,1\}^{\omega}:\lim_{narrow\infty}\frac{X(0)X(1)\cdots X(n-1)1^{\wedge}.k^{\backslash }\iotae\text{ }i\text{ }}{X(0)X(1)\cdots X(n-1)1^{}.k^{\backslash }Fe\text{ }(\mathbb{E}\text{ }}\neq\frac{1}{2^{i}}\}$
, . , $X$ ,
$r_{n},$ $r_{n,i}$ $(i=1,2,3, \cdots)$ .
$r_{n}$ $:=$ (X (0)$X(1)\cdots X(n-1)$ ),
$r_{n,i}$ $:=$ (X (0)$X(1)\cdots X(n-1)$ $i$ ).
,
$\mathcal{Y}_{\infty}$ $:=$ $\{X \in\{0,1\}^{\omega}:\lim_{narrow\infty}\frac{r_{n}}{n}\neq\frac{1}{2}\}$ ,




$X$ $i$ , $y_{j}$ .
$y_{j}=\{\begin{array}{l}1 if X(j)7‘ \text{ }otherwise\end{array}$
, $r_{y_{j}=1\rfloor}$ $X(j+1)\neq X(j)$ .




$X$ $\frac{1}{2}$ $0,1$ , $i$
, $y_{j}$ $\frac{1}{2}$ $0,1$ . , 2 (
) $\mathcal{Y}\infty$ . Q.E.D.
7 $S_{1},$ $S_{2}$ , $S_{1}\cup S_{2}$ .
. QED.




8 $0\leq s<i+2$ $s$ .
$s\leq j<(i+2)n+sB)$ $j\equiv smod (i+2)$ $($4.1 $)$
$j$ , $y_{s,j}$ .
$y_{s,j}=\{\begin{array}{l}1 if X(j+1) \text{ } i \text{ }0 otherwise\end{array}$
, $r_{y_{s_{r}j}=1J}$
$X(j)\neq X(j+1)=X(j+2)=\cdots=X(j+i)\neq X(j+i+1)$
. $X$ $\frac{1}{2}$ $0,1$ , $i$
$y_{s_{2}j}$
$\frac{1}{2^{i+1}}$ 1 . , 2
29
, $y_{i,s}$ . $r\neq$ ,
, .
$\mathcal{Y}_{i,s}:=\{X . \lim_{narrow\infty}\frac{\sum_{j}y_{s_{1}j}}{n}\neq\frac{1}{2^{i+1}}\}$
, ( $s,$ $n$ ) (4.1) $j$ .
, $s$ .
7 , $\mathcal{Y}_{i0}\cup \mathcal{Y}_{i,1}\cup\cdots\cup \mathcal{Y}_{i_{2}i+1}$
)
.
, . $\#$ . , $k$
, $r_{\equiv\rfloor}$ $i+2$ .
$(\mathcal{Y}_{i,0}\cup \mathcal{Y}_{i,1}\cup\cdots\cup \mathcal{Y}_{i,i+1})^{c}=\mathcal{Y}_{i,0}^{c}\cap \mathcal{Y}_{i,1}^{c}\cap\cdots\cap \mathcal{Y}_{i,i+1}^{c}$
$= \{X:0\leq\forall s<i+2 \lim_{narrow\infty}\frac{\sum_{j}y_{s,j}}{n}=\frac{1}{2^{i+1}}\}$
$=\{X:0\leq\forall s<i+2$
$\lim_{narrow\infty}\frac{\#\{k<(i+2)n:X(k+1)\text{ }i\text{ }k\equiv s\}}{n}=\frac{1}{2^{i+1}}\}$
$\subseteq\{X:\lim_{narrow\infty}\frac{\#\{k<(i+2)n:X(k+1)\ovalbox{\tt\small REJECT} X\text{ }i\text{ }\}}{(i+2)n}=\frac{1}{2^{i+1}}\}$
$=\mathcal{Y}_{i}^{c}$
, $\mathcal{Y}_{i}$ $\mathcal{Y}_{i,0}\cup \mathcal{Y}_{i,1}\cup\cdots\cup \mathcal{Y}_{i_{r}i+1}$ ,
. QED.
5 $\mathcal{Y}\subset \mathcal{Y}\infty$ $\mathcal{Y}_{i}$ , 6 8 5
. QED.
4 5 1 , 4 . QED.
5 ML
9 ( ) $i$ $k$ .








$k$ $ANDrightarrow OR$ , $\frac{1}{2}$ 1 $0$
, )$s-$ 1 .
, $f4$] .
$p_{0}= \frac{1}{2}$ , $p_{k+1}=-p_{k}^{4}+2p_{k}^{2}$ .
. , $i,$ $k$ , $P$
. , $X$ , $k$
AND-OR $X$ $Y$ .
, ) $\triangleright$ X $a\in\{1,0\}$ , $r_{n}^{a},$ $r_{n,i}^{a}(i=$
$1,2,3,$ $\cdots)$ .
$r_{n}^{a}$ $:=$ ($Y(0)Y(1)\cdots Y(n-1)$ , $a$ ),
$r_{n_{;}i}^{a}$ $:=$ ($Y(0)Y(1)\cdots Y(n-1)$ , $a$ $i$ ).
, $\mathcal{Z},$ $Z^{0},$ $\mathcal{Z}^{1}$ .
$Z$ $;=$ $\{X \in\{0,1\}^{\omega}:\lim_{narrow\infty}\frac{r_{n,i}}{r_{n}}\neq\frac{p^{i-1}(1-p)+p(1-p)^{i-1}}{2}\}$,
$\mathcal{Z}^{0}$
$:=$ $\{X \in\{0,1\}^{\omega}:\lim_{narrow\infty}\frac{r_{n,i}^{0}}{r_{n}^{0}}\neq p(1-p)^{i-1}\}$ ,
$\mathcal{Z}^{1}$








11 (1) $Z^{1}$ .
(2) $\mathcal{Z}^{0}$ .
31
(1) $Z_{\infty}^{1},$ $\mathcal{Z}_{i}^{1}$ .




. , (1) .
(2) (1) . QED.
9( ) 11 $\mathcal{Z}^{0}\cup Z^{1}$ .
1 , $\mathcal{Z}^{0}\cup Z^{1}$ .
, $\{r_{n}:n\in\omega\}$ $X$ $Z^{2}$ . $Z^{2}$
, ( ) , .
10 , $Z\subseteq Z^{0}\cup Z^{1}\cup Z^{2}$ . 9
. QED.
, 9 ( 4) .
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